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^hi,z:if:^mmhi,zx^^\^^m^fii-z3^^<7)^^^m^^x. xx-^mm^t^ > 
^j^m(0 3m(D%mi:m.^^^^^tz. mimm-xx^T^mit^ y^^^^m^ 

im=¥' (-IS^fi I (Zni_y Ay ) 0} i_x I (I TO) i_z I x : ^4' 

:it^^X ^^:it '^l.v^m Ltzo 
[0 0 181 

<DX^ ^j:Wi^^=^m5- 1 0 0 nm<r>mitm^-xX^mm\:^ >i^^A-^^^t 

(xy)w-tL<iix x^mm^t ^ > v ^ a -et^s ^ fitzmimmij-) t -t 
mm $ ^fz r)Vi3y) immz . m.mt^m t fzHTtmmm ^ fitzmmii^^m 

mmz-( >i^^A^<D:^mM^miJuL. '^h^fz7.xh>{yv^A<r>imAtm^ 
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m^t^ >>^f7^^^ii. ^mx$>i:it^^j2:^mx(DWR^mf^w.m<D~'Oiz 

> mm.^'&^mi>y±iiZ'm-^^ ^-^^>i/'yA(Di^mmi:2 o~8 o%zi^iP-^-<±-^ 

[0 0 2 11 

> ;^ X-^^tm-fb ^ > V -i^ A ^ ^H^^mi4 ^ , ;^ l::m<bffil&5{i^^Wi- ^ 
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lik±<7)X^K, 2^|&^T-{i5 nmi>>ib 10 0 n m<^^Htc^^^>fbMI&-X X 

^'tmi3^m^fzmmmm^mi^m^zm^^^(Diz-mm^^v,w&^t^j:^o 

[0 0 2 8] 
[0 0 2 9] 

[0 0 3 0] 

mmLfzm.miY.^^^m.^^^fzmm.^Y^mir^o imit±\^')^A. imitij 

Vi^A, im.it')^^J>>. ry^=.rimWL^£if(DT)ViJ')^ii^\zmmLfz'^. 
[0 0 3 1] 

^^m.it 4yv^A m.^im.i' Kr)VA=.^2^, if')^i^m<o3m<r>%m'k^^ 
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[0 0 3 2] 

-g'-fb^ii^tf'. m'fkMI&z^JST&^S ~ 7 0 mol%. J:l9«f^L<t± 10-50 mol% 

ti3-3 0 mol%> J:»)«ftL<ii5~15 iBol%;&^aFt Lv^o 
[0 0 3 31 

t-{i> ^t.^^Zm(n>imWiW>i.. 3 0 inol%OT^ <£^}^*t<(i2~15 m 
o\%ifi^t.\^^^o ■r^*?*,^ -IS:^ : I (Zni_y Ay) 01 i_x I (I TO) 

. mtm.i^ih^^^\tim'mmm.^<r>WL'^ ^Mt^-m^.'^co ri_x J -^^^^ 

^) ;6*5-7 0 mol%> gJJ^I-^&TC^AT&^T ^•t' A, iS"^) ^ U^<D'i%(Dit 

#%1:55«3 0 \m\%\:XT. I T04'0;^X?^Jgti3 ~ 3 0 001%^^^ Cl ^Ti^ftf 
i Lv>o COi^, mcM^mB. (1-x) 3&?itiJ:>)1g:V>i:, #mi4ic{±^^^ 

-t^. 3fflfi07n#<^^.^^»5&5CitLj; i9]^v*i:> jS*tc^mili5&Mi:T 19 . 
LitL-ri:::9-8IU :^*l-^^tliC:fev>T^ 'C^iJx.tfm'fkT^v^ ci-i; A ^ ^t&s^^L 
m-a-^t^oTLt do t/i. xX^^tm'fb-r :>'>^'!7AifsoxX8gje{i, ^tLi 

^ o 
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[0 0 3 5] 

%=Sr-^tfJl?^?g[OpH*8~l 2<^^H^wP||L. C<7)J^?i?g[?r 1 0-5 Ot^O 

sjtiSffltciBv^T 1 0-1 0 onrnw-M-^^^t-hmtx^^^-^o ^(o^Yimmi^x. 

[0 0 3 6] 

^^^^c*tL^ ^-Y^V-f^^m^^xa^^MM^^'j^o ^(Dt^W-MMKH^^X 
[0 0 3 7] 
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TKHfe^stsiajtti 1 1 ot:~3 o ov<7)mmti-^ :i t^mt l^^o ^^^^^m^ 

[0 0 3 8] 
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[0 0 4 0] 

[0 0 4 1] 

^O^JlkStcJ; t}«:ll-6tJtwm<bMI&-xX#;tm<b-r ^ V ^ j^m.'^i\M=^<r>mn 

•>Am^<b*Si^t^^LT. 0. 1 -5mfl:%tc1-^^i:5&«ifi Lv^o 
[0 0 4 2] 
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[0 0 4 3] 

7C#ffl^^ 2 0 0 "C55-t> 5 0 0 rOiSLjglgfflT-MTC^JlkS^^Td CI i: i J) , 
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[0 0 4 5] 

*^*ji^S:*^'5 nm:6-f> 1 0 0 n m<7)$EfflT«^ 19 , ^gg^mH^ffl LT{i#lC0S 
[0 0 4 6] 
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'j^L/;m#:■e^<fi¥^^L. ^^>f6 0 ox:x2mm<Dmm^m^k. 2 5 or. 

[0 0 4 9] 

mumx=m^mm^n^fzt:i^. m-m''2 0-3 0 nmco^^^xh^h^Ltij^ 

t>-h-^fZo ^<r>m.'^<r>^mt. ^T^h.m.ii-'h (ZnO) 0.5 (I TO) 0.5 

$tt^o ^fz. '^itiLU'Ttm'^xm^fzmpi-^o:). Mi&i3j:?/;^X(7)^^fi(i'e 

tL-rtL> 5 0 mol%. 5 mol%T'> I T 0't'<0>^Xi^Jgi: fCfi 1 0 mol%"eab 
[0 0 5 0] 

11C:^L> 3 0:^fS-e*Sf^t/i^iimi^M^M¥*^IlI2 ic^-To ^iiMmT0 
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[0 0 5 11 

<mmm2> 

mt'f-^i'^mLfzo ^<7)m.'ir<7)m.mt. \ (zno.g aiq.i ) o 

I 0.5 (I TO) 0.5 xm^ti^o tfz, n^xm^^mxm-<fzU'^^<7>. m 

r)V^^^A^XV^xX(D^^mii-^iX-^iX. 4 5 mol%. 5 mol%. 5 m 
ol%t?. ITO^<D>t.Xmmil 0 ml%X$>^fZo 
[0 0 5 2] 

miz^j:'^x\^^^zt^^t>^^^tzo ^tbiz, mmm'T-mwLmmm^n^fztz^bm 
mm 1 1 mm. e^^s^^-' 20-30 nm(r>—m^j:Wf-x^ -otz^t-^^h. mmm 

^:itii^t>i)^^tzo 
[0 0 5 3] 

<^»fl3 > 

4. 7 g<^>7Ki^'^b:^^ V-t/A^S 0 Oml<7)7Kt::^iFLfc:f^> ^<r>r )V-ti^)mWL\z^. 
8g<^J^'fbxX (IV) 27K^D^^*^^»L^ T;v:<^i;7K^?S*lQ^tyi:o c:<ot;w 
:^';7fcv#Mtw. 1 3 g<7)m'fbM^J^5^=^rl'^i-^ft^i9 SI&tc^LTlO m 

o\%(OT)^/^:^^^xm.^'^i^fzr}v^=^^2^m.wk\tm.^^^ z^'kx^tzo ^ 

P.tm\\K^ b^.luO^M.it^^Vf^A (III)|2g7KjF0J^^4 0 Oml<^7KtC^«?L 
i^'fb-f >v?>i^A07K^?SS:fmtfcm. Hifef^iJl tragic tr. xXi:^^ 
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I (Zno.9 A lo.l ) 01 0.2 (I TO) o.8 T'^^tL^So ^7^^, ^^X^^ 

8 mol%. 2 mol%. 8 mol%-e. I T 0 cf'*?);?, XitJKti 1 Omol. :^Co 
[0 0 5 4] 

=^ L ^ X x^^m^ffc -r>v'^Ai:T;i'<-'!7A em^'fb^l&o 2 « 

1 tmm. ^T-#^^^2 0-3 0 nm<D-m^j:^'^'c^oti:it-^-h. mmmi t 

[0 0 5 5] 

<mMf!l4> 

mmm i <^>^x^;t^'ib^ :^>^'> A^mm<bMI&*ST<^'^m:^^tc:fev^-c. r 
)i^'^V7Kmmzo. 3 2 g07Km'fbm'fbT;v5::^'i^A«'^i'g-L. T;v:^';7K^?K=Sr 
m^L tzmUtmMM 1 t l^lit^ L T ^ X, > V A ^ J: O^^T ^ - '^7 A 7j)> 

7Ki^j8!.3a^tTV\ ;5>ii«fe^. ip^^iOja^ mtc^qmlx. xx^^m^b 

nO) 0.5 i (I TO) 0.96A1 0.041 0.5 xm^Klho tfz. ^^tX^^^i^ 

x'm^fz^^'^<D. T;i^^-'^7A*3iU'xxo^;t4{±-e-tt-etL. 50 m 

ol%. 2 mol%, 4.8 mol%"e. I T 0^(D7.Xj^mt I 0 m\%X^ofZo 
[0 0 5 6] 

;l/ 5 - A tCMi"^ ;&^3|ffi5£ L-Cm ^btL^: ;6>o ib. X^^m^t^ 
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[0 0 5 7] 

Sr^g-^L, T;V:*U7K^r8[^lli^Lf::J'W{±lli&^Jl ^1^3^11 L-C. XX, > 
V -i^ A is i t>'T ;v ^ ^ '!7 A 75^ p> ^ :him.it^^ h (i7KfP«^T-^M Kfz T ;v ^ 

^ ^^^^ mtc^jsjSlt^ X x^:tm<b-f V A ^m^^bsi&ifcT- 

^I^MtfCo iO^&T-c^a^fi, 'fct^<J^^»;d^t> 1 (Zno.9 AIq.i ) 0} o.5 1 

(I TO) 0.96AI0.04I 0.5 x-^^Kho tfz. ^ytxm^m^x-m^fz^^ 

^(D, r ^ 2^i3XZ/^X(D^:^mit^M^fi. 4 5 mol%. 7 mol 

%. 4.8 mol%X\ lTOf¥(D:^Xmm±l 0 mol%-e^o/io 
[0 0 5 8] 

3t3gMmT-M^MII^=S-ff o fztZ^. U^^^it}^ 2 0 ~ 3 0 n mCD—m^J^^^X 
h^fz^t-h-h. T)V^-^Am.^xX^^mt^>\^^^-r:^m^P^fzT)V^ 

- 2^w^w.itm,^m.'i-i)m htitzzt i)^t>i}^'o tzo 

[0 0 5 9] 

4. 7 gOTK^fbf- h >; "t^A^r 8 0 0ml<^>7fclC?#^ty:if^. ::.(Dr)Vij ';^?gLtC4. 
8gOJ^'fb;^X (IV) 35:7K^J^=Sr^^L. T;V:^';7K?§?eL'Sril^L/Co ^(DTJV 
*';7K^?gtw, 1 3 gO^'fb3EI&J&5!cS:m'^i"'2)'ftt>l9 ffil&t::MtTl 0 m 
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oi%(Dr < A-cmi^^tLfzT )\^ < 2^m:t^Mi\:m§^t: 5 grl-^L, 

izo. 5 1 g<D7Km'\tmitT)v^^^A^^^i^^Lfzo ziitimiz^ se. i g 

<DiM.it^ yv^u (iii)lzg7K^t»^4 o Omi<7)7Kt:i?tl^Lr. Wit^^'J^J^co 

\m.^^i'^\'m\^tz^ ^(r>mji-<r>mL\t. ^^h^^-fy-h i (zno.9 aiq.i 

) 0} 0.2 1 (I TO) 0.96A1 0.041 0.8 "C^^tL^o %fz. ^^Xi^^^S 

ol%. 5.2 moI%T-*l). >5,X^:t*{±7. 7 mol%T% I T O'^'COTLXjgjgfi 1 
0 mol%tr^)o7to 
[0 0 6 0] 

^tzt^^b 1 i: IWI^ft, e^^:*^ 2 0 ~ 3 0 n mO— ^It'Sr&^T-^ ^fz^lt 

T)v^=.^AmB::^:<'^mm.it^yi^^2^x-^m^fifzr)v^=^^Aw^ 

o 

[0 0 6 1] 

<^MM7> 

. xx^:t^-^:m'fbM$&*^tfT;i/*';7K^?^t^:^'fb-f yv^AmWi^mTX^x 

f^^L. -tL^MST'M^fetW.^,T'^2 O^FBm^i^-^^'ft^b^)^;. 9 0*C-e 

mmwL(o^mxm 2 0 b#f^^^ ^ ^tz^ 

[0 0 6 2] 

0. OliP^f '2>'ft*?l9tC13. Otcig^L. ^^•-hiJ'V-ril'ttdX,^.. ISOr-C 
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[0 0 6 3] 

^^fi^oTt^C;^. i^^S:*^5 0~6 0 nmO— ^^Si^-Cabo7^zCi:;6^P>, ;^ 

[0 0 6 4] 

<itic^Jl> 

[0 0 6 5] 

C<7);^X^;tm'fb^ >v^':7A)ei^{i, X|tlII1^0M:^/&^'c)> TsX^^mc^y 

#7&U 0-7 0 nm<^Eg^;^tftOi^T--Cabofco tfz. ^3fcXj^^*f^tc J: 0 P 
-<fc;^X-^«til 0 mol%-e^ofco 

[0 0 6 6] 
<Jt^^?iJ2 > 

5 3 g<r>7miti-VV '^A^e 4 0ml<D7i(.hZ^mLXTJl^iJ')yi^^m^m^L 
fzo CltLttiSiJtc, 9 0 gO^'fbMI&^S 2 0ml(^7Ktw?g»FL-C. Ji['fbMI&<^)7K 
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^.t?^2 o^^ii»L^$^7tt^. 7m<t±h')^^(D7Kmm^i^mLx. phsti 

2. 5 tc:S:i^^L. h U-yic>tt32i<^s 1 8 0'C-t?4BfPHl. yi^m^m^mL 
[0 0 6 7] 

^yv^A(Dm,^^^Y^mLfzo mitxm.6^isxmxmm\^fzmmimmt. 
m 1 (om^ t nuxh o fzo 

lO 0 6 8] 

mm tnm\z\^x. ^ yv'^ Ai)^hWLhimAtmhh\i^ktimm^zWiW^ftfz 
mm. ^Tt^mtx. mtm^-m^it^ yi^'^j^m^^m'^^i'iFmLfzo -r<^e 

I'COm.J&it. ^T^^m-^^h (ZnO) 0.5 (I n03/2 ) 0.5 X^^fl^t^^ 

hti^o tfz. n^xm^m^xm^fzU'i^t^<D, siso-^^itiso moi%T' 

(0 0 6 91 

'iT-Dtzt^^^ i^i^S*^2 0-3 0 nmO— ;tt^Si^r'^o7to ^h\,Z, X^M 

X\f^fZo 
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[0 0 7 0] 

<Jt^^J4 > 

\timmx^m $ tt T ;v ^ - -> ^^-r :!b^m.^^m^^. 
i^n-^im-i-^^ux^tio z<D^=F<7)m.mt. ^^^m-^^h \ (zno.e aiq. 

4 ) Ot 0.5 1 (I TO) 0.6 A lo.4 ( 0.5 X^^il^^ tfz. ^^Xlt^l^f 
mol%> 4 0 mol%^ 3 mol%X^ I T04»<^^X'^^4(i 1 0 mol%t?<bo/; 

O 

[0 0 7 1] 

=S: ili]^ L C 6 X X-^:#m'fk-r :^ A i: T ;V' 5 - A ttJ^m^fkM^ tcjn x. T 

0 nm<D^^t. mtr )V ^ A 0-5 0 nm<7)mnWik 

[0 0 7 2] 

^PAvX-rA (MCP-PD41) «rfflV^T. Eg^SS^^t^i "^ffo/ro lIU^^ 
5i^'j$^&'Jt2. 7 g/cmS , ^^1*1^ 2 cm. ^T-relie^l 3inmT-2b'2>o 
[0 0 7 3] 

im^mmmm^z^^^xowmyjm} 
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[0 0 7 4] 

^}i^;^i^mvu-h :mM^mm.3omM%) izn-t^-^m^^^s oMm%. 

@5^^8iJt7&M 0*4%t^'2)J:dti'i<-;v<;v (y) y^^n^. ii:#lnim<7> 

oj¥^-e^;fljL^co-t,, 9 ot:-ei o^p^^j^^-ii-. ^m^k<r>m^i!)^3 ^^(Dm 

tv-ettM5eL/co 3lGiti§^:?^^i5' h;K7)tlJ^{±> B2^^^tt^<7):^^^jg|t=^ffi 
■To 

[0 0 7 5] 

^1 tc, iik±<DWm^^^^-to miKTFLfz rs 5 0 nm MM.^ (%) J 
[0 0 7 6] 
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